We used optical confocal microscopy to study optical properties of diamond 50 nm nanocrystals first irradiated with an electron beam, then dispersed as a colloidal solution and finally deposited on a silica slide. At room temperature, under CW laser excitation at a wavelength of 514.5 nm we observed perfectly photostable single Nitrogen-Vacancy (NV) colour defects embedded in the nanocrystals. From the zero-phonon line around 575 nm in the spectrum of emitted light, we infer a neutral NV 0 type of defect. Such nanoparticle with intrinsic fluorescence are highly promising for applications in biology where long-term emitting fluorescent bio-compatible nanoprobes are still missing.
Introduction
A growing interest for single colour defects in diamond [1] has recently emerged for their applications in quantum information processing [2, 3] and quantum communications [4, 5] . In addition to the same high quantum efficiency than dye molecules they have a quasi-perfect photostability at room temperature that makes them better suited for long-term applications. Contrary to semiconductor quantum dots (QDs) [6] , photoluminescence from diamond colour centres is very stable and not affected by blinking processes.
Triggered single-photon source based on the temporal control of the photoluminescence of such a single colour centre in a diamond nanocrystal [7] has been already built [8] and then implemented in quantum cryptography testbeds [9, 10] . Among the single photon sources based on single dipoles fluorescence (atoms [11, 12, 14, 13] , molecules [15, 16, 17] and semiconductor quantum dots [18, 19, 20] ) which were developed in the past few years for application to quantum information processing, the diamond colour centre source has the advantage of simplicity, long-term stability and room temperature operation.
Up to now, the smallest diamond nanocrystals used had a mean size of about 90 nm [21] . In this article, we show that photostable single colour centre with a maximum photoluminescence intensity centered at 630 nm can be observed in 50 nm nanocrystals obtained by finer grinding of the original micron size diamond powder. Taking into account the possibility of their surface functionalization [22] , this makes such photoluminescent nanocrystals probably a good alternative to other existing nanoparticles (e.g. QDs) for biological applications like targeted drug delivery inside living cells.
Sample preparation
We start from commercial type Ib synthetic monocrystaline diamond powder (Syndia SYP 0-0.05, from Van Moppes & Sons, Geneva) fabricated for industrial polishing purposes. This powder is produced from raw monocrystalline material by crushing, purification, pregrading and a final precision grading to achieve a particle size distribution below 50 nm (99% confidence interval).
Colour centres are associated to atom impurities in the diamond matrix. The best known defect is the Nitrogen-Vacancy (NV) defect corresponding to the association of a substitional nitrogen atom with a vacancy in an adjacent crystalline site. The synthetic diamond we started from is supposed to have a sufficiently high nitrogen contents, up to 300 ppm [23] . It is then necessary to create the associated vacancies. We therefore irradiate the powder with 1.8 MeV electrons at a dose of 10 17 electrons/cm 2 . Irradiation is then followed by annealing at 800 • C during 2 hours, to induce stable NV centre formation [1, 5] .
The irradiated powder is then dispersed in a 1 % in weight polyvinylpyrrolidone solution in isopropanol to achieve a stable colloidal solution of concentra- To identify well isolated photoluminescent emitters, we first raster scan the sample using CW excitation ( figure 2(a) ). From the most intense peak (#1), we deduce a signal over background ratio of about 30. For each photoluminescent spot, the unicity of the emitter is then checked by the observation of antibunching in the photoluminescence intensity [15] . Since after the emis-sion of a first photon, it takes a finite time for a single emitter to be excited again and then spontaneously emits a second photon, the antibunching effect appears as a dip around zero delay τ = 0 in the normalized intensity autocorrelation function [5] 
The later function is deduced from the histogram of time delays between two consecutively detected photons. Due to the existence of a 30 ns photodetection deadtime on the avalanche photodiode, two photodiodes placed on both ports of a non-polarizing beamsplitter cube are required for this measurement following the standard Hanbury Brown and Twiss scheme [24] . Considering our detection efficiency of a few percent, this histogram is a very good approximation of the intensity autocorrelation function g (2) [25].
The inset of Figure 2 Centre #1 spectrum displayed on figure 2(b) exhibits a zero-phonon line at 579 nm which is attributed to neutral NV centre [27, 26, 28] . The creation of such centre during the irradiation process, instead of the most dominant negatively charge form NV − is probably due to a too high electron dose as suggested in Ref. [27] . When the irradiation dose is high enough so that all the Further decrease in size of the nanocrystal by additional untracentrifugation will be done in order to achieve a particle size of about 10 nm, in the range of other fluorescent probes used for biological applications, like CdSe/ZnS QDs.
Photoluminescent diamond nanocrystals could therefore become, in a near future, a promising alternative to existing fluorescent nanoprobles and drug delivery device. 
